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[57F ABSTRACT

A definite, but large amount of a sample solution is fed
to a small concentration column filled with a packing
material to retain in the concentration column compo-
nents to be measured in the sample solution. Then, a
small amount of a desorbing solution is fed to the con-
centration column to desorb the components retained in
the concentration column. The effluent solution con-
taining the desorbed components is fed to a separation
column filled with a packing material. An eluting solu-
tion is fed to the separation column to separate the
components from one another, and the components are

detected by a detector.

Since the components are separated from one another
after their concentrations have been elevated, and thus

- the components can be measured with a high sensitivity.

36 Claims, 10 Drawing Figures
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LIQUID CHROMATOGRAPHY AND APPARATUS
FOR THE SAME |
This is a continuation, of application Ser. No. 496,829
filed Aug. 12, 1974, abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a liquid chromatography in
which concentrations of components contained 1n a
solution to be introduced into a separation column are
elevated before the introduction of the solution into the
separation column, and an apparatus for carrying out
the liquid chromatography. |

In liquid chromatography, a dilute sample solution
containing only a very small amount of components to
be measured must be often subjected to the measure-
ment. Therefore, it is an indispensable condition to in-
crease the sensitivity of a detector, but even if a measur-
ing apparatus with the highest sensitivity is used, there
still are components at a concentration too low to mea-
sure the components. In that case, it is effective to con-
centrate a sample in advance. According to the conven-
tional procedure, the dilute sample components are
concentrated in advance by evaporation or solvent
extraction, but these concentrating operations are car-
ried out with equipment or device or special reagents
having nothing to do with the apparatus for liquid chro-
matography. Therefore, there are so many changes for
errors of measurement.

Furthermore, the concentration based on the evapo-
ration or solvent extraction generally requires much
time, and complicates operations. It takes a few minutes
to several tens of minutes in the chromatographic sepa-
ration and detection according to an apparatus for lig-
uid chromatography, but it takes much more time in the
concentration as a pretreatment for the chromatogra-
phy than in the chromatographic separation and detec-
tion. Thus, the feature or capacity of the apparatus for
liquid chromatography cannot be fully attained. Fur-
thermore, the evaporation and solvent extraction re-
quire much labor.

In the measurement, it should be taken mto consider-
ation that, as soon as a solution containing components
to be measured reaches a separation column, the separa-
tion starts to take place. When a large amount of a
solution must be introduced into the separation column,
that is, it takes much time in the introduction into the
separation column, it will be difficult to separate the
components from one another. Therefore, it must be
avoided to introduce a large amount of the solutlon to
the separation column. |

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
liquid chromatography, -capable of efficiently concen-
trating dilute sample components and measuring these
components with a high sensitivity, and an apparatus
for carrying out the liquid chromatography.

Another object of the present invention is to provide
a liquid chromatography capable of carrying out con-
centration of dilute sample components, and separation
of these components from one another simply in one
and same apparatus for hquid chromatography resulting
in reduction in complicated operations, and an appara-
tus for carrying out the liquid chromatography.

Other object of the present invention is to provide a

hquld chromatography, which comprises simply effect-
ing sampling and concentration at a site for sample
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'collecting by means of a structural part of an apparatus
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for liquid chromatography, and placing the structural
part holding sample components in the apparatus for
liquid chromatography, thereby effecting measurement
of the sample components, and an apparatus for carry-

ing out the liquid chromatography.

Further objects of the present invention will be ap-
parent from the disclosure of the desirable embodiments
of the present invention, which follow.

The present invention is characterized by elevating a
concentration of components to be measured, which are
contained in a definite amount of a sample solution, by
means of a concentration column, then separating the
components from one another in a separation column,
and detecting the separated components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an outline structure of
one embodiment according to the present invention.
" FIG. 2 is a diagram showing comparison of the
amount and kind of desorbing solutions necessary for
desorbing parathion accumulated in a concentration
column.
FIG. 3 1s a chromatogram showing measurement
examples of a mixed solution of benzene and naphtha-

- lene.
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FIG. 4 is a diagram showing an outline structure of
another embodiment accordmg to the present inven-
tion.

FIG. § is a diagram showing measurement results of
a sample solution containing metallic ions.

FIG. 6 is a diagram showing measurement results of
a solution having a concentration, which is 200 times as
dillute as the solution used in reference to FIG. §, with-
out any concentration.

FIG. 7 is a diagram showing an outline structure of
other embodiment according to the present invention.

FIG. 8 is a cross-sectional, vertical view of one em-
bodiment of a structure of a detachable concentration
column used in one embodlmcnt of the present inven-
tion.

FIG. 9 is a cross-sectional, vertical view of a column
holder holding the detachable concentration column of
FIG. 8. .

FIG. 10 is a cross-sectional, vertical view of another

embodiment of a structure of a concentration column,
which is detachable from the column holder of FIG. 9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the present invention, a concentration of sub-

stances contained in a sample solution is elevated by

means of a column filled with a packing material before
separating components to be detected to one another.
According to one of methods for concentrating com-
ponents to be measured in a sample solution by means of
a packed column, the concentration is carried out in an
upper part of the column and chromatographic separa-
tion is carried out in the lower part of the same column.
That is, these two operations are carried out in one
column. This one-column method has advantages in the
shortening of the time and operability, as compared
with a combination of the concentration method and
the chromatographic separation to be carried out indi-
vidually. However, in the one-column method, wherein
the concentration and chromatographic separation are
carried out at the same time, it is difficult to obtain a
high precision in the measurement of the individual



4,070,284

3

‘components. Components in a sample solution must be
held within a narrow band in the column in the case of
concentration, and must be so developed to provide a
good separation between the individual components,
but this is rather difficult to attain in one column. The
measurement of the components in a dilute solution
involves a step of concentration and a step of separation
of the components into one another, and it is necessary
to wash the column before as well as after the concen-
tration. In the case the concentration and separation are
carried out in one column, the effect of the amounts of
the solvent of the sample solution and the washing solu-
tion remaining in the column are not negligible. Fur-
thermore, there 1s less advantage with respect to time,
because concentration and separation are carried out for
another sample after the concentration step and separa-
tion step have been completed for one sample.

In the present invention, the step of concentration
and the step of separation of the components into one
another are carried out in their individual columns,
whereby the concentration and separation can be car-
ried out in parallel. Furthermore, the amounts of the
solvent of the sample solution and the washing solution
can be made smaller thereby, and thus a large Signal-to-
Noise Ratio (SN ratio) can be obtained. Further, both
ionic and non-ionic substances can be measured with a
high precision.

Furthermore, according to the present invention, a
sample can be readily transported in sampling by using
a detachable concentration column, and the small con-
centration column, in which the components of the
dilute sample solution are accumulated, is connected to
a separation column to effect the measurement in a short
time with a good accuracy.

Several embodiments of the present invention will be
explained, referring to the accompanying drawings.

In FIG. 1, where an outline structure of one embodi-
ment of the present invention is illustrated, numeral 6 is
a concentration column packed with a suitable packing
material for retaining components in a narrow band
therein. Numeral 7 is a separation column packed with
a suitable packing material for separating the compo-
nents into one another. Numeral 1 is a sample solution
tank containing one of sample solutions to be measured,
and the tank 1 is connected to a threeway valve 8
through a conduit 15. Numeral 2 is a desorbing solution
tank containing a desorbing solution capable of desorb-
ing the components retained in the concentration col-
umn 6, and the tank 2 is connected to the three-way
valve 8 through a conduit 16. The threeway valve 8 is
connected to the concentration column 6 through a feed
pump 4. Numeral 3 is an eluting solution tank contain-
ing an eluting solution to be used for separating the
components from one another, and the tank 3 is con-
nected to the separation column through a feed pump §
and a three-way valve 10. Numeral 9 is a three-way
valve provided between the concentration column 6
and the three-way valve 10 and the conduit connected
to the three-way valve 9 is inserted into a waste liquor
tank 13. Numeral 11 is a detector comprising an ultra-
violet photometer, coulometrical detector, etc., and the
detector 11 1s electrically connected to a recorder 12.

In the embodiment of such a structure as described
above, the feed pumps are actuated in relation to the
three-way valves. The feed pump 4 can be continuously
actuated, whereas the pump § can be intermittently
actuated. When the pump $§ is actuated, the three-way
valve 10 is switched to communicate the pump § with
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the separation column 7 and the commumcated state
can be maintained.

In the first state, the sample solution is led to the
concentration column 6. In that state, the threeway
valve is swiched to communicate the conduit 15 with
the pump 4, and at the same time the three-way valve 9
is switched to communicate the concentration column 6
with the conduit 14. The pump 3 is actuated, and at the
same time the three-way valve 10 is switched to com-
municate the pump § with the separation column 7 to
feed the eluting solution to the separation colum 7 for a
proper, but definite pencd of time, while such state is
maintained. |

In the second state, the desorbmg solution is sent to
the concentration column 6. In that state, the three-way
valve 8 is switched to communicate the conduit 16 with

- the pump 4. At the same time the valve 9 is switched to
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communicate the concentration column 16 with the
three-way valve 10, and further the valve 10 is switched
to communicate the valve 9 with the separation column
7. - | | |
Switching of these valves-can be carried out by the
ordinary change-over time switch. A change-over
cycle of the valves is selected in accordance with a
degree of concentration of a dilute sample solution. The
volume of the sample solution to be fed to the concen-
tration columb 6 is larger than the volume of the desorb-
ing solution to be successively fed thereto, and a ratio of
these volumes represents the degree of concentration.
Therefore, the time for communication of the valve 8
with the conduit 15 is considerably longer than the time
for communication of the valve 8 with the conduit 16.

According to this embodiment, operation starts, first

of all, by continuously feeding the first sample solution

to the concentration column 6 and discharging it into
the waste solution tank 13. During that operation, com-
ponents contained in the sample solution are retained
and accumulated in the concentration column 6. Then,

the valves 8, 9 and 10 are switched to feed the necessary

amount of the desorbing solution for desorbing the
components, which are accumulated in the concentra-
tion column 6, to the concentration column 6. The com-
ponents desorbed from the concentration column 6 are
led to the separation column 7 together with the efflu-
ent desorbing solution. Then, the valves 8, 9 and 10 are
switched to feed the eluting solution to the separation
column by the pump 5. At the same time, the second
sample solution is fed to the concentration column 6,
since the conduit 15 is communicated with the second
sample solution tank. The components are accumulated
in the concentration column 6. The effluent containing
components separated from one another in the separa-
tion column 7 reaches the detector 11, where the com-
ponents are detected, and a chromatogram based on
these components is described on the recorder 12. The
measured solution is discharged into the waste solution
tank 13. Generally, the period for feeding the sample
solution to the concentration column 6 is longer than
the period for feeding the eluting solution to the separa-
tion column 7, and therefore the separation of the com-
ponents from one another and the detection of the com-
ponents, which are contained in the first sample solution
are completed, while the components coming from the

-second sample solution are accumulated in the concen-

tration column 6. |
The concentration column 6 is made as small as pOSssi-

- ble, so that the time for feeding the components retained

in the concentration column 6 may be rendered shorter.
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In the case the concentration column 6 is small, an
extension of a band of the components retained therein
will be also smaller. The size of the concentration col-
umn used in this embodlment is 0.2 to 0.4 inches in
diameter and 0.2 to 0.6 inches in length, but the size is
not limited to these figures. In the case of such a small
column, the dead volume will be smaller, and the effect
by the dead volume will be also less In FIG, 1, two feed
pumps are used, but only one pump can serve the pur-
pose by increasing the number of switch valves. Fur-
ther, it is possible to wash the inside of the column at the
concentration.

To efficiently carry out the concentratlon, and sepa-
ration followed by detection i in practice of the embodi-
ment, selection of the kind of a packing material for the
concentration column, composition of a desorbing solu-

10
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tion, kind of a packing material for the separation col-

umn, and composmen of an eluting solution for the
separation, etc. is important.

~ 'When a sample solution containing non-ionic sub-
stances is concentrated separated and detected, it 1s
possible to use an organic porous adsorbent consisting
of styrene-dwmylbenzene copolymer, etc., or active
carbon as the packing material for the concentration
column and the separation column. It is preferable that
the particle size of the packing material for the concen-
tration column is larger than that of the packing mate-
rial for the separation column. The organic porous ad-
sorbent, for example, commercially available XAD-2 or
XAD-4, (a trade mark of products made by Rohm and
Haas Company) can adsorb non-ionic substances very
well in a solvent having a high polarity such as an aque-
ous solution, and therefore the components coming
from the sample solution can be kept in a narrow band
in the concentration column packed with such an or-
ganic porous adsorbent. The components held in such a
concentration column can be desorbed by a solvent
having a low polarity. Ethyl ether, n-hexane, isopropyl
alcohol, an aqueous solution containing lithium chloride
- and methanol, -etc. can be used as the desorbing solu-
tion. To measure the non-ionic substance, a different
kind of the desorbing solution from an eluting solution
is usually used. Methanol, a mixed solution of n-hexane
and methanol, a mixed solution of water and methanol,
etc. can be used as the eluting solution.

In FIG. 2, the amounts of the desorbmg solutlon
necessary for desorbing parathion retained in the con-
centration column are compared with the kinds of the
~ desorbing solution, where porous styrene-divinylben-
zene copolymers are filled in the concentration column,
and three desorbing solutions, that is, ethyl ether, a
mixed solution of normal hexane and methanol, and
methanol, are used. To a concentration column is fed
500 ml of an aqueous solution containing 1 ppm of para-
thion, pesticide of organic phosphorus compound, at a
flow rate of 4 ml/min., and the quantitative desorption
state of parathion in an effluent solution from the con-
centration column is continuously measured by an ultra-
violet photometer. From the forms of the individual
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peaks in FIG. 2, the necessary amounts and strength of 60

the descrbmg solutions are known, when ethyl ether 21,
a mixed solution 22 of n-hexane and methanol, and
methanol 23 are used as the desorbing solutions, individ-
ually. To completely desorb parathion, 10 ml of ethyl
ether, 20 ml of the mixed solution of n-hexane and meth-
anol, and 40 ml of methanol are required, individually.
It is seen from the foregoing fact that, when a solvent

65

- having a low polarity is used as the desorbing solution,

6 .

-a smaller amount of the desorbing solution can meet the

necessary desorption. To obtain a higher degree of
concentration and an excellent measurement result, it
can be seen that a solvent having a lower polarity is

more preferable. The solvents having a small polarlty

include, for example, ethyl_ ether, tetrahydrofuran, 1so-
propyl ether, methylene chloride, acetic acid, dioxane,
etc. | -
Now, examples of measunng the non-ionic substance
will be described below:

1. Porous styrene-divinylbenzene copolymers are
filled in both concentration column and separation col-

umn, and ethyl ether is used as a desorbing solution,

while a mixed solution of n-hexane and methanol is used
s an eluting solution. To the concentration column is fed
200 ml of an aqueous solution containing 1 ppm each of
benzene and naphthalene to accumulate benzene and
naphthalene therein. Then, the accumulated benzene
and naphthalene are desorbed by 20 ml of ethyl ether,
and separated in the 20-inch long separation column,
and detected by an ultra-violet photometer. Chromato-
grams of benzene 24 and naphthalene 25 concentrated
10 times the original concentration in this manner is
shown in FIG. 3. E in FIG. 3 is a chromatogram when
measured without concentration. The time required for
the concentration and detection of the first sample solu-
tion is about one hour, and the time required for the
second and successive measurements can be shortened
by an overlapping of the concentration and the separa-
tion-detection.

2. A concentration column filled with active carbon
and a separation column filled with styrenedivinylben-
zene copolymers are used. Isopropyl alcohol is used as
a desorbing solution, whereas methanol is used as an
eluting solution. A sample solution containing an ABS
surface-active agent is measured.

3. Styrene-divinylbenzene copolymers are filled in
both concentration column and separation column. An
aqueous solution containing lithium chloride and meth-
anol is used as a desorbing solution, whereas methanol 1s
used as an eluting solution. A sample solution contain-
ing phenol is measured. - |

When the components to be measured have an ionic
property, the same solution can be used as both desorb-
ing solution and eluting solution. In FIG. 4, one em-

bodiment of an apparatus for liquid chromatography,

which is comprised for the measurement of such a sam-
ple solution, is shown. In FIG. 4, an eluting solution
contained in an eluting solution tank 36 is fed to a con-
centration column 29 or a separation column 30 by a
feed pump 26. A sample solution tank 34 containing a
sample solution containing ionic components and a
washing liquid tank 35 containing a washing liquid com-
prising distilled water, etc. are connected to a switch
valve 33, and the switch valve 33 is connected to a feed
pump 32. A concentration column.29 is inserted in a
column holder 28 in a detachable manner, for example,
in a plug type, and exchangeable. In the concentration
column 29, ion exchange resin or chelate resin having
relatively large particle sizes is filled. In a separation
column 30, ion exchange resin or chelate resin having
small particle sizes is filled. A detector 31 consisting of
a coulometric monitor, etc. is connected to the separa-
tion column 30. The column holder 28 are connected to
a six-way switch valve 27 through conduits 37 and 38.
The six-way swich valve 27 is a valve of fitting type,
made from fluorine resin, and the parts represented by
arcs in FIG. 4 are passages. The feed pump 32 is con-
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nected to the six-way switch valve 27 through a conduit

39. A conduit 40 is connected to the feed pump 26 and

the switch valve 27, and the conduit 41 is connected to
the switch valve 27 and the separation column 30. A
conduit 42 is connected to:a waste solution tank (not
shown in the drawing). Change-over sequence of the
switch valves 27 and 33, and driving sequence of the
feed pumps 26 and 32 are selected by a change—over
time switch (not shown in the drawing). |

Measurement operation consists of 5 steps. The ﬁrst

step 1s a step for washing the inside of the concentration
column 29. While the switch valve 33 is brought in such
a state as to communicate the washing liquid tank 35
with the pump 32, the six-way switch valve is switched
from other state to the state shown in FIG. 4, that is,
such a state as to communicate the conduit 38 with the
conduit 39, the conduit 37 with the conduit 42, and the
conduit 40 with the conduit 41, individually. The wash-
ing liquid is fed to the concentration column 29 by the
pump 32, and discharged through the conduit 42 after
washing the inside of column 29.

The second step is a step for accumulating the com-
ponents contained in the sample solution within the
concentration column 29. The six-way switch valve 27
is kept 1in the same state as in the first step, while the
switch valve 33 is switched into such a state as to com-
municate the sample solution tank 34 with the pump 32.
The sample solution is continuously fed to the concen-
tration column 29 by the pump 32, and discharged
through the conduit 42. The volume of the sample solu-
tion to be fed is determined by flow rate and time. Dur-
ing that feeding, the components contained in the -sam-
ple solution are retained, and accumulated w1thm the
concentration column 29.

The third step is a step for washing the mmde of the
concentration column 29 retaining the components.
While the six-way switch valve 27 is kept in the same
state as above, the switch valve 33 is switched to such a
state as to communicate the washing liquid tank 35 with
- the pump 32. The washing time is considerably shorter
than the accumulation time of the second step.

The fourth step is a step for leading the components
accumulated in the concentration column 29 to the
separation column 30. While the switch valve 33 is kept
in the same state as in the third step, the sixway switch
valve 27 is switched, so that it may be turned by:60°
from the state shown in FIG. 4. The conduit 37 is com-
municated with the conduit 40, the conduit 38 with the
conduit 41, and the conduit 39 with the conduit 41,
thereby individually. The eluting solution is fed to the
concentration column 29 from the eluting solution tank
36 by the pump 26, and the accumulated components
are desorbed thereby and led to the separation column
30 through the switch valve 27. - .

The fifth step is a step for separating the components,
which are intoduced into the separation column, into
one another, and detecting the separated components.
While the switch valve 33 is kept in the same state as in
the fourth step, the six-way switch valve 27 is switched
to the state as shown in FIG. 4, that is, so as to commu-
nicate the conduit 40 with the conduit 41. The eluting
solution is fed to the separation column 30 without any
passage through the concentration column 29.
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solution are carried out in the fifth step. It is possible to
exchange the concentration column 29 before the first
step 1s carried out again. Since the necessary time for
the fifth step is generally less than the necessary time for
the second step, the fifth step for the preceding sample
can be completed while the first and second steps are
carried out for the next sample.

An example of concentrating, and separating and
detecting a sample solution containing ionic substances
will be given below:

FIG. § is a chromatogram showing a measurement
result of a sample solution containing metallic ions ac-
cording to the present invention, and FIG. 6 is a chro-
matogram of a measurement result of a solution having
a component solution, which is 200 times the concentra-
tion of the solution used in reference to FIG. 5, without
any concentration. The concentration column used for
obtaining the chromatogram of FIG. 5 is 0.24 inches in
inner diameter, and 0.4 inches in length, and the separa-
tion column is 0.36 inches in inner diameter and 4 inches
in length. The packing materials for both concentration
column and separation column are the same cation ex-
change resin. The desorbing solution and the eluting
solution are identical with each other, that is, an ammo-
nium tartrate solution of 0.2 molar concentration (pH
4.6). The detector is a Hitachi coulometric monitor
suitable for detecting metallic ions. The sample solution
used for obtaining the chromatogram of FIG. § contains
Cu+t+ 43, Zn++ 44, Ni++ 45, Co++ 46, and Cd++ 47,

each at 5 X 10-6molar concentrations, and the sample
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The state of the six-way valve 27 in the fifth step is '

the same as in the first, second and third steps. There-
fore, while the components of the next sample solution
are treated in the first to third steps, the separation and
detection of the components of the preceding sample

65

solution used for obtaining the chromatogram of FIG. 6
contains the same metallic ions, each at 10—3 molar
concentrations. Detection can be carried out with equal
sensitivity both in the case where the thick sample solu-
tion is measured without any concentration, as shown in
FIG. 6, and in the case where the dilute sample solution
is measured after concentrating the component concen-
tration of the solution to 200 times the original concen-
tration, as shown in FIG. 8. Thus, it is seen that the
present invention is effective upon the measurement of
a dilute sample solution.

The following Table illustrates column packing mate-
rials and eluting solutions suitable for measuring sample

solutions containing various ionic components.
. | Desorbing
Packing ‘Packing solution
‘materials materials and
Sample and for for eluting
component concentration separation solution
Metallic ions -
in river water Aqueous
(Zn2+, Na2+, - Cation Cation solution
Pb+, Co?t, - exchange exchange of sodium
Cu?+, Cd?+, resin resin | tartrate
Hg?+)
Metallic ions Aqueous
in water Cation Cation solution
(same seven exchange exchange of sodium
components as resin resin lactate
above) - |
Metallic ions Anion Cation Aqueous
in sea water exchange -~ exchange solution
(Cd*+, Hg?t+) resin resin of sodium
o "~ tartrate
| | . Adqueous
Halogen ions Anion Anion solution
in water exchange exchange of sodium
(Br—,1I-) resin resin nitrate
o and
acetone
R RS Aqueous -
Chromium (VI)  Anion. Anion solution
ion in water - ‘exchange - exchange of sodium
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-continued
| Desorbing
Packing - Packing ~ solution
| materials materials and
Sample and for | | for ~ eluting
component . concentration separation solution
resin resin sulfate

An apparatus for liquid chromatography'according
to the present invention can comprise a smail concen-
tration column capable of accumulating components of
a sample solution in advance, the concentration column
being inserted in a passage of a desorbing solution in a
detachable manner. In that case, a mechanism for feed-
ing the sample solution to the concentration column
will not be required. The desorbing operation, and sepa-
rating-detecting operation are carried out by the appa-
ratus for liquid chromatography, and an operation to

accumulate the components of the sample solution in-

the concentration column is carried out at another
place, using the concentration column, which is detach-
able from the apparatus for liquid chromatography.

A large number of large containers containing a large
amount of sample solution or water must be transported
to a laboratory from a sample-collecting site, when
river water, sea water, etc. are analyzed.

The small concentration column used in the embodi-
ment of the present invention is simply detachable from
the apparatus for liquid chromatography, and can be
readily transported without much labor. At the sample-
collecting site, a very small amount of the components
contained in much sample solution or water can be
retained in the small concentration column by connect-
ing the concentration column to an injection device,
etc., or allowing the sample solution or water to flow
through the concentration column by gravity, for exam-
ple, by head difference.

FIG. 7 shows an outline structure of one embodiment
of the present invention, provided with the detachable
concentration columns. The structure of the embodi-
ment is directed to the measurement of a sample solu-

tion containing ionic substances, and the same solution

is used as both desorbing solution and eluting solution.
An eluting solution tank 56 is connected to a feed pump
51 through a conduit 58, and the feed pump 51 is con-
nected to a multi-way switch valve 52 through a con-

duit 59. The multi-way switch valve 52 used in this
embodiment is in the following construction: The multi-
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multi-way switch valves 52 and 53, there are provided a
conduit 60 and a plurality of column holders 544, §4b, .

, 54n, and small concentration columns 55a, 5§55, . . .
, 88n can be inserted into the corresponding column
holders 54a, 54b, . . . , 54n. The switch valve 53 i1s con-
nected to a separation column 56 through a conduit 61,
and the separation column 56 is connected to a detector
§7. A conduit 62 serves to discharge the solution leav-
ing the detector 57.

The concentration column 53, in which a very small
amount of components contained in a large amount of a
sample solution is accumulated at another place, 1s in-
serted into the column holder 54. The multi-stage
switch valves 52 and 53 are switched in an interlocked
manner to communicate the conduit 59 with the column
holder 544, and the column holder 54a with the conduit
61. The eluting solution is fed to the concentration col-
umn 55a from the eluting solution tank 50 by the feed
pump 51, and the components retained in the concentra-
tion column S35a are desorbed and led to the separation
column 56.

Then, the switch valves 52 and 53 are switched to
communicate the conduit 59 with the conduit 60, and
the conduit 60 with the conduit 61. The eluting solution
is fed to the separation column 56 through the conduit
60, and the separation of the components into one an-
other is started. An effluent from the separation column
56, which contains the separated components, is led to
the detector 57, where the individual components are
detected. After the first measurement has been com-
pleted, the switch valves 52 and 53 are switched to
communicate the conduit 59 with the column holder
545, and the column holder 5456 with the conduit 61.
Desorption and mutual separation of the components
are then carried out by the elutlng solution 1n the same
manner as described above.

FIG. 8 shows a structure of one embodlment of the
detachable concentration column, and FIG. 10 shows a
structure of another embodiment of the column applica-
ble in the similar manner. FIG. 9 is a crosssectional
vertical view of the concentration column of FIG 8
inserted in the column holder. o

In FIG. 8, a concentration column 70 comprises a
cylindrical vessel 71, an upper 1id 72 and a lower lid 73.

. The out51de wall of the vessel 71 is cut in screw threads,

way valve is provided with a pair of stators having a

circular concave part, and a disc-type rotor placed
between these stators. At both sides of the rotor, there
are circular convex parts having a size almost equal to
that of the concave parts of the stators. The stators and
the rotor are arranged so that the concave parts of the
stators and the convex parts of the rotor can slide
closely face to face. On the surfaces of the convex parts
of the rotor, there are provided grooves serving as
liquid passages, and on the stators there are a plurality
of perforations capable of selecting the passage through
the groove. The perforations are connected to the out-
side tubes. A gear 1s provided at the outer periphery of
the disc-type rotor, and a force is transferred to the gear
from a driving device consisting of a rotary solenoid to
rotate the rotor. By rotation of the rotor, the passage 1s
switched by selecting the perforation through the
groove on the rotor.

A multi-way switch valve 33 1s a valve of the same
kind as that of the switch valve 52, and these valves 32
and 33 are interlocked with each other. Between the
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and packlng materials are. filled in the vessel 71. The
upper lid 72 and the lower lid 73. have outwardly-
projecting parts 74 and 75, respectively, and liquid pas-
sages 76 and 77 are penetrated through the outwardly
projecting parts 74 and 75 at their centers, respectively.
The inside walls of the upper lid 72 and the lower hd 73
are cut in screw threads, and are engaged with the
threaded outer wall of the vessel 71. Filters 78 and 79
consisting of porous fluorine resin are placed on the
upper end and the lower end of the vessel 71. Peripheral
parts of the filters 78 and 79 are pasted with a rubber
paste at their surfaces, and their filtering action is pre-
vented by the rubber sealing. Therefore, the peripheral
parts serve to prevent a solution leakage as packings.
The central parts of the filters 78 and 79 have the filter-
ing action. If the vessel 71 and the lids 72 and 73 are
made from, for example, acrylic resin, a concentration
column having a resistance to pressure of 30 kg/cm?can
be obtained. -

In a column holder shown in FIG. 9, a concentration
column as shown in FIGS. 8 and 10 is inserted. A block
81 supports a pair of connectors 82 and 83, and annular
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rubber sheets 86 and 87 consisting of silicone rubber are
interposed between the block 81 and the connector 82
or 83. These rubber sheets 86 and 87 exert a cushioning
action against a pressing force in a vertical direction in
the drawing. Connection holes 90 and 91, which are
open to outer surfaces of the connectors 82 and 83
placed against each other, are to connect the column
holder 80 to outside feed tubes. A liquid passage 88
communicates the outside feed tube to be connected to
the connector 82 with the liquid passage 76 of the con-
“centration column 70, and a liquid passage 89 communi-
cates the outside feed tube to be connected to the corn-
nector 83 with the liquid passage 77 of the column 70.
Taper parts 84 and 85 are provided at open sides of the
connectors 82 and 83, respectively.

The concentration column 70 can be inserted into the
column holder 80 from the open sides of the column
holder 80, that is, the side at which the taper parts 84
and 85 of the connectors 82 and 83 are made open and
extended outwardly, so that the projected parts 74 and
75 may be guided by the taper parts 84 and 85. In such
a state that the concentration column is inserted in the
column holder, a resilience pressure due to the cushion-
ing action of the rubber sheets 86 and 87 exerts upon
fitting surfaces each of the upper and lower lids 72 and
73 of the column 70 and the upper and lower connectors
82 and 83, and therefore a tight sealing can be kept
therebetween, preventing a liquid leakage.

A concentration column 93 shown in FIG. 10 com-
prises a vessel 94 filled with the packing materials and a
lid 95 screwed to the vessel 94. There are an outwardly-
projected part 96 on the lid 95, and an outwardly-
projected part 97 on the vessel $4. The lid 95 is pro-
vided with a liquid passage 98, and the vessel 94 is also
provided with a liquid passage 99. On an upper surface
of the vessel 94, there is placed a filter 100, whose pe-
ripheral part is sealed with rubber. A filter 101 is pro-
vided at the bottom of the packing materials in the
container 95 to prevent the packing materials from
flowing-out. The concentration column of such a struc-
ture can be handled in the same manner as the column of
F1G. 8, and can be very readily engaged with or disen-
gaged from the column holder without using any tool,
etc. Continuous measurement of the components in a
dilute sample solution can be simplified by using these
concentration columns.

What 1s claimed is:

1. A liquid chromatography process comprising feed-,

ing a predetermined amount of a sample solution having
adsorbable components therein to a concentration col-
umn capable of producing a solution of said adsorbable
components in higher concentration than the concen-
tration of the adsorbable components in the sample
solution to be measured, accumulating said adsorbable

components in said concentration column resulting in

concentration of said adsorbable components, desorb-
ing the adsorbable components accumulated in said
concentration column with a desorbing solution, the
amount of desorbing solution being smaller than said
predetermined amount of said sample solution, feeding
the desorbing solution containing the desorbed compo-
nents {0 a separation column, separating the compo-
nents from one another with an eluting solution fed to
said separation column, and detecting the components
contained in an effluent from said separation column.
2. The process of claim 1, wherein packing material in
said concentration column is an ion exchange resin
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having a larger particle size than the particle size of the

packing materials in said separation column.

3. The process of claim 1, wherein the packing mate-
rial in said concentration column is a chelate resin hav-
Ing a larger particle size than the particle size of the
packing material in said separation column.

4. The process of claim 1, whereir the desorbing
solution for desorbing the components accumulated in
said concentration column is identical with the eluting
solution for separating the components from one an-
other in said separation column.

5. The process of claim 1, wherein said concentration
column i1s filled with an organic porous adsorbent and
further wherein said desorbmg solution is a solvent
having a low polarity.

6. The process of claim 1, wherem a plurality of dif-
ferent samples are to be successively analyzed, the ad-
sorbable components in one of said samples being sepa-
rated from one another in said separation column while
the adsorbable components in another sample are being
accumulated in said concentration column.

7. A liquid chromatography process comprising

a. connecting an outlet of a concentration column to
a discharge outlet in an interrupted state of commu-
nication of the concentration column with a separa-

- tion column and feeding a washing solution to the
concentration column through a passage switch
means,

b. discharging the washmg solution,

c. feeding a sample solution containing adsorbable
components to be measured to said concentration
column through said switch means while keeping
said switch means and the outlet of the concentra-
tion column in the same state as in said step (a),

d. discharging the solvent of the sample solution
flowing out of said concentration column while
accumulating the components within said concen-

tration column resulting. in concentratlon of sald o

- adsorbable components,

e. communicating said concentration column with
said separation column, and feeding an eluting
solution to said concentration column through said -
switch means, |

f. passing the accumulated components flowing out of
said concentration column to said separatlon col-
umn,

g. interrupting the communlcatlon of said concentra-
tion column with said separation column, and feed-
ing said eluting solution to said separation column,

h. separating the components from one another, and

i. detecting the components, steps (h) and (i) being
accomplished simultaneously with steps (a), (b), (c)
and (d).

8. Apparatus comprising a packed concentratlon col-
umn capable of accumulating adsorbable components
contained in a dilute sample solution by passing the
dilute sample solution therethrough in advance, the
concentration column containing an adsorbent capable
of adsorbing said adsorbable components in narrow
bands, the concentration column having an adsorbent
encasing section provided with means for connecting at
least one lid to the encasing section, filter means pro-
vided at both ends of the encasing section, said at least
one lid containing a liquid passage passing through the
lid from an external lid surface to an internal lid surface
adjacent a said filter, the encasing section and the lid
being detachable from the apparatus while the encasing
section and the lid are connected to one another,
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holding means detachably mounting said concentra-

tion column so that said concentration column can -

accumulate adsorbable components at a location
remote from said apparatus and then be mounted
on said holding means, wherein said holding means

detachably mounts said concentration column by

pressing said concentration column at opposite
ends thereof against a resilient means of said hold-
ing means, said holding means defining an open

- side for facilitating insertion and withdrawal of said
concentration column therefrom, and .

means for:feeding a desorbing solution to said con-
centration column in an amount smaller than the
amount of sample fed to said concentration col-
umn, | . |

a separation column for separating the components
desorbed by said desorbing solution from one an-
other, C | |

valve means for maintaining a communication of said
concentration column with said separation column
while feeding said desorbing solution to said con-
centration column, and connecting said concentra-
tion column to a discharge outlet for external dis-
charge of a solvent after the feeding of said desorb-
ing solution is completed, o |

means for feeding an eluting solution different from

- -said desorbing solution to said separation column

without passing through said concentration col-

umn, and = |
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means for detecting the components flowing out of 30

said separation column.
9, Apparatus according to claim 8, wherein a means
for feeding the dilute sample solution and for feeding

the desorbing solution to said concentration column is

provided. - |

10. Apparatus comprising

a concentration column having an adsorbent-encas-
ing section provided with screw grooves on its

- outside surface, at least one lid screw-connectable
to the encasing section, and filters provided at both
ends of the ‘encasing section, an adsorbent being
filled in the encasing section, a liquid passage
formed in the lid and passing through the lid from
an external lid surface to an internal lid surface

35

adjacent a filter, the encasing section and the lid 45

- being detachable from the apparatus while- the
encasing section and the lid are connected to each
other, and adsorbable components being retainable
in narrow bands in the adsorbent in the concentra-
tion column when the concentration column is
disengaged from the apparatus, - |

feeding means for feeding an eluting solution for
desorbing the adsorbable components to said con-
centration column after said concentration column
is engaged in the apparatus, | -

a separation column for separating the components

passing out of said concentration column from one
another, - | |

50

35

a passage switch means for communicating said con-"

centration column with said separation column

while the eluting solution containing the adsorb-

60

able components from said concentration column is =
led to said separation column, and communicating
another passage for feeding an eluting solution for -

separating the adsorbable components to said sepa-

ration column after the feeding of the eluting solu-
‘tion containing the adsorbable components is com-
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‘means for holding said concentration column be-
tween the means for feeding the eluting solution for
the desorbing and said switch means, wherein said
holding means detachably mounts said concentra-

‘tion column by pressing said concentration column

at opposite ends thereof against a resilient means of

said holding means, said holding means defining an
open side for facilitating insertion and withdrawal
of said concentration column therefrom, |

a passage having an opening provided on said means
for holding the concentration column wherein an
end of the passage having the opening is in contact
with an open end of the lid when said concentra-
tion column is inserted into the apparatus, and

means for detecting the components flowing out of
said separation column.

11. A liquid chromatography process for detecting
the presence of a plurality of different adsorbable com-
ponents in a dilute sample solution containing said ad-
sorbable components comprising passing said sample
through a concentration column. containing an adsor-
bent for said adsorbable components so that said adsorb-
able components are adsorbed by said adsorbent, pass-
ing a desorbing solution capable of desorbing said ad-
sorbable components from said adsorbent through said
concentration column to produce a desorbed solution of
said adsorbable components, passing all of said de-
sorbed solution through a separation column containing
an adsorbent for said adsorbable components so that
said adsorbable components are retained by said separa-
tion column, passing an eluting solution through said
separation column to produce an effluent containing
said adsorbable components, and detecting the presence
of said adsorbable components in said effluent, the
amount of said desorbing solution fed to said concentra-
tion column being less than the amount of sample solu-
tion fed to said concentration column so that said de-
sorbed solution contains said adsorbable components in
higher concentration that the concentration of adsorb-
able components in said sample solution.

12. The process of claim 11, wherein said adsorbable
components are nonionic.

13. The process of claim 12, wherein the adsorbent in
said concentration column and the adsorbent in said
separation column are organic porous adsorbents, said
sample solution being a solution of said adsorbable com-
ponents in a solvent therefor having a high polarity.

14. The process of claim 13, wherein said organic
porous adsorbent is a styrene-divinylbenzene copoly-
mer.

15. The process of claim 12, wherein the adsorbent in
said concentration column and the adsorbent in said
separation column are activated carbon.

16. The process of claim 13, wherein the concentra-
tion column is desorbed by a solvent having a low
polarity. o

17. The process of claim 16, wherein said solvent:
having a low polarity is selected from the group consist-
ing of ethyl ether, n-hexane, isopropyl alcohol and an.
aqueous solution containing lithium chloride and meth-
anol.. o |

18. The process of claim 17, wherein said separation

‘column is eluted with an eluting solution selected from

the group consisting of methanol, a mixed solution of
n-hexane and methanol, and a mixed solution of water

 and methanol.

-19. The process of claim 16, wherein said desorbing

solution has a lower polarity than said eluting solution.
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20. The process of claim 12, wherein the adsorbent in

said concentration column has the same composition as
the adsorbent in said separation column.

21. The process of claim 20, wherein the particle size
of the adsorbent in said concentration column is larger
than the particle size of the adsorbent in said separation
column. |

22. The process of claim 11, wherein said adsorbable
components are 10nic.

23. The process of claim 22, wherein the adsorbent in
saild concentration column and the adsorbent in said
separation column are independently selected from ion
exchange resins and chelate resins.

24. The process of claim 23, wherein said desorbing
solution is the same as said eluting solution.

25. The process of claim 24, wherein the particle size
of the adsorbent in said concentration column is larger
than the particle size of the adsorbent in said separation
column.

26. The process of claim 25, wherein the adsorbent in
said concentration column has the same composition as
the adsorbent in said separation column.

27. The process of claim 23, wherein the particle size
of the absorbent in said concentration column is larger
than the particle size of the adsorbent in said separation
column.

28. The process of claim 23, wherein the adsorbent in
sald concentration column has the same compositions as
the adsorbent in said separation column.

29. The process of claim 11, wherein a plurality of
different samples are to be successively analyzed, the
adsorbable components in one of said samples being
separated from one another in said separation column
while the adsorbable components in another sample are
being adsorbed by said concentration column.

30. The process of claim 11, wherein a plurality of
different samples are to be successivley analyzed, said
plurality of different samples being recovered from a
first location remote from a second location at which
separation of said adsorbable components from one
another is to occur, said plurality of different samples
being passed through a plurality of different concentra-
tion columns, one concentration column for each sam-
ple, said plurality of concentration columns being trans-
ported from said first location to said second location,
and said plurality of concentration columns being suc-
cessivley attached to said separation column so that the
adsorbable components in each individual sample can
be separated from one another and detected.

31. Apparatus for carrying out a liquid chromatogra-
phy process on a dilute sample solution containing a
plurality of adsorbable components therein, said appara-
tus comprising

a concentration column containing an adsorbent for

sald adsorbable components, said concentration
column having an adsorbent-encasing section pro-
vided with screw grooves on its outside surface, at
least one lid screw-connectable to the encasing
section, and filters provided at both ends of the
encasing section, an adsorbent being filled in the
encasing section, a liquid passage formed in the lid
and passing through the lid from an external lid
surface to an internal lid surface adjacent a filter,
the encasing section and the lid being detachable
from the apparatus while the encasing section and
the lid are connected to each other, and adsorbable
components being retainable in narrow bands in
the adsorbent in the concentration column when
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the concentration column is disengaged from the

apparatus,
holding means detachably mounting said concentra-

tion column so that said concentration column can
accumulate adsorbable components at a location
remote from said apparatus and then be mounted
on said holding means, wherein said holding means
detachably mounts said concentration column by
pressing said concentration column at opposite
ends thereof against a resilient means of said hold-
ing means said holding means defining an open side
for facilitating insertion and withdrawal of said
concentration column therefrom,

first feeding means for feeding said sample solution in
a predetermined amount to said concentration col-
umn,

second feeding means for feeding a desorbing solu-
tion to said concentration column in an amount less
than said predetermined amount,

a separation column containing an adsorbent for said
adsorbable components,

valve means for maintaining a communication of said
concentration column with said separation column
while said desorbing solution is fed to said concen-
tration column, and connecting said concentration
column to a discharge outlet for external discharge

- of a solvent after the feeding of said desorbing
- solution is completed,

a third feeding means for feeding an eluting solution
to said separation column different from said de-
sorbing solution without passing through said con-
centration column after the desorbing solution
flowing out of said concentration column is led to
‘said separation column, and

means for detecting the adsorbable components pass-
ing out of said separation column.

32. A chromatographic apparatus comprising:

a concentration column having an adsorbent-encas-

ing section provided with screw grooves on its
outside surface, at least one lid screw-connectable
to the encasing section, and filters provided at both
ends of the encasing section, the encasing section

- filled with an adsorbent, and a liquid passage
formed in the lid and passing through the lid from
an external lid surface to an internal lid surface
adjacent a filter, the encasing section and the lid
being detachable from the apparatus while the
encasing section and the lid are connected to each
other, an accumulation of adsorbed components in
the concentration column resulting from passage of
a predetermined amount of a dilute sample solution
containing adsorbable components through the
concentration column in advance;

holding means detachably mounting said concentra-
tion column so that said concentration column can
accumulate adsorbable components at a location
remote from said apparatus and then be mounted
on said holding means wherein said holding means
detachably mounts said concentration column by
pressing said concentration column at opposite
ends thereof against a resilient means of said hold-
ing means, said holding means defining an open
side for facilitating insertion and withdrawal of said
concentration column therefrom; |

feeding means for feedng a smaller volume of a de-
‘sorbing solution than that of said sample solution to
sald concentration column after said concentration
column is engaged in said holding means;
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a separation column for separating components pass-
ing out of said concentration column from one
another; |

means for feeding an eluting solution to said separa-
tion column; 5

valve means for maintaining a communication of said
concentration column with said separation column
while the desorbing solution containing the adsorb-
able components flows out of said concentraion
column, and communicating said means for feeding 10
the eluting solution with said separation column
after the flowing of the desorbing solution from
said concentration column is completed; and

means for detecting the components flowing out of
said separation column, the apparatus being free 15
from a means for feeding the sample solution to
said concentration column.

33. Apparatus according to claim 32, wherein said
concentration column has projected parts at said oppo-
site ends, said holding means having taper surfaces ca- 20
pable of guiding said projected parts during insertion of
said concentration column in said holding means.

34. Apparatus according to claim 32, wherein a pair
of passage switch means are provided in an interlocked
manner at both inlet and outlet sides of the means for 25
holding the column.

35. Apparatus according to claim 34, wherein a plu-
rality of concentration columns are arranged in parallel
with respect to said feeding means and with respect to
said separation column, said pair of passage switch 30
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means selectively placing only one concentration col-
umn in fluid communication with said feeding means
and said separation column at any one time.

36. A liquid chromatography process comprising:
feeding a predetermined amount of a sample solution
having adsorbable components therein to a concen-
tration column capable of producing a solution of
said adsorbable components in higher concentra-
tion than the concentration of the adsorbable com-
ponents in the sample solution to be measured;
interrupting a communication of the concentration
column with a separation column while feeding
said sample solution to the concentration column,
and discharging an effluent from the concentration
column thereby accumulating the adsorbable com-
ponents in said concentration column;
communicating said concentration column with said
separation column, and feeding a desorbing solu-
tion for desorbing the adsorbable components ac-
cumulated in said concentration column into said
concentration column, an amount of the desorbing
solution being smaller than said predetermined
amount of said sample solution;
directing the desorbing solution flowing out of said
concentration column to said separation column;
separating the components from one another with an
eluting solution fed to said separation column; and
detecting the components contained in an effluent

from said separation column.
. x L x *
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